Using topography collected over one martian year from the Mars Orbiter Laser Altimeter on the Mars Global Surveyor (MGS) spacecraft, we have measured temporal changes in the elevation of the martian surface that correlate with the seasonal cycle of carbon dioxide exchange between the surface and atmosphere. The greatest elevation change (1.5 to 2 meters) occurs at high latitudes ( above 80°), whereas the bulk of the mass exchange occurs at lower latitudes (below 75°N and below 73°S). An unexpected period of sublimation was observed during northern hemisphere autumn, coincident with dust storms in the southern hemisphere. Analysis of MGS Doppler tracking residuals revealed temporal variations in the flattening of Mars that correlate with elevation changes. The combined changes in gravity and elevation constrain the average density of seasonally deposited carbon dioxide to be 910 Ϯ 230 kilograms per cubic meter, which is considerably denser than terrestrial snow.
Over the course of its year, Mars exchanges up to a third of its carbon dioxide (CO 2 ) atmosphere with the surface, resulting in a seasonal redistribution of about 50 billionths of the mass of the planet. The seasonal polar caps consist mainly of CO 2 frost deposits whose spatial and temporal distributions are controlled primarily by solar insolation (1) . In the northern and southern hemispheres, CO 2 begins to condense out of the atmosphere at high latitudes during autumn as the surface encounters increasing darkness (Web fig. 1 ) (2), depositing a thin veneer of dry ice on the polar caps and surroundings. Continued deposition causes the "frost line" to migrate from the polar regions toward the equator, and surface frost reaches mid-latitudes in late winter (3) . In early spring, as the surface receives more sunlight, surficial CO 2 sublimates back into the atmosphere, causing the frost line to retreat to high latitudes.
The elevation of the north pole of Mars is 6 km lower than the south pole (4, 5) . In the north during the summer, the temperature rises above the CO 2 condensation temperature, and dry ice frost deposited during the previous winter sublimes away, revealing a residual H 2 O ice cap (6, 7) . In contrast, the southern polar region is colder and has a lower atmospheric pressure, and as a consequence its surface veneer of CO 2 does not completely sublime. A residual dry ice surface is observed even in summer (8) , although observations of atmospheric water vapor during some years (9, 10) have been cited as evidence for at least some surficial H 2 O (11). Both polar regions contain layered terrains that are characterized by about 3 km of relief (5, 12) and are believed to be composed primarily of H 2 O ice mixed with dust. The residual north polar ice cap correlates well with elevated topography that defines the layered terrains ( Fig.  1, left) (12) . However, elevated layered deposits in the south are much broader in spatial extent than the residual ice cap (Fig. 1, right) (5) .
Using data from the Mars Orbiter Laser Altimeter (MOLA) (13) on the Mars Global Surveyor (MGS) (14) spacecraft, we have made the first measurements of temporal changes in the elevation of the surface of Mars and of the planet's global mass redistribution due to the yearly cycle of CO 2 exchange. We analyzed over 400 million elevation measurements (15) and over 66 million altimetric crossovers (16) from MOLA, as well as all MGS X-band Doppler and range tracking (17) observations collected during the MGS mapping and extended mission phases between 28 February 1999 and 25 May 2001 (18). The observations spanned more than a full martian year (19) and enabled us to observe the seasonal pattern repeating the early part of the cycle. In studying seasonal phenomena on Mars, it is customary to express time in terms of the solar longitude, L s , which runs from 0°to 360°over one Mars year, and L s ϭ 0°is defined as the vernal equinox in the northern hemisphere. MGS began its global mapping mission at L s ϭ 103°, during northern hemisphere summer. Our analysis continued into the MGS extended mapping mission, through L s ϭ 547°. (We added 360°to L s to denote observations collected during the second Mars year of mapping; for example, L s ϭ 547°is equivalent to L s ϭ 187°, which is northern fall.)
We analyzed MOLA profiles of elevation in over 1200 0.05°-wide (3 km-wide) latitu- fig. 2 ) (2). We then calculated residuals of individual elevations with respect to the basal topographic surface (Web fig. 3) (2, 22) and ordered the observations by the date on which they were collected. We averaged the residuals to the median surface in 15-day bins and removed a global systematic contribution to the elevation change by differencing the signal in each hemisphere to that at latitude 60° (20) .
In a separate analysis of altimetric crossovers (16), we also divided the data into 15-day temporal bins, using only low-latitude (that is, non-temporally varying) crossovers and, to constrain short-period orbital errors, crossovers at higher latitudes within a given bin. As for the profile analysis, the crossover method used altimetry; however, this analysis was performed independently and provides a cross-check of the analysis of the profile data.
In order to minimize noise and maximize the signal, we averaged over longitude in both approaches to isolate zonal (latitudinal) variations (20) . A formal error analysis yields a vertical accuracy in each 2-week bin of Ϯ 5 to 6 cm (Table 1) , whereas the observed bin-to-bin noise in the observations is Ϯ10 cm (23).
In both hemispheres, the greatest highlatitude surface elevations were observed when the polar regions were in darkness, and the lowest elevations were observed when those areas were sunlit (Fig. 2) . In both hemispheres, the maximum elevation occurred in late winter, and greater elevation changes were observed with increasing latitude. Because the pattern of changing elevation correlates approximately in both amplitude and phase (Web fig. 4 ) (2) with the expected signal of Mars' CO 2 cycle, and because errors do not exhibit the seasonal phase, we interpret the observed elevation changes as predominantly reflecting the seasonal cycle of CO 2 condensation and sublimation.
From the temporal pattern of elevation changes ( Fig. 2 and Web movie 1) (2) we may track the seasonal behavior of CO 2 exchange. MGS began global mapping during northern hemisphere summer (Fig. 2, A and  B) , and all northern latitudes displayed minimum elevations. Just after the autumnal equinox (L s ϭ 180°), when high northern latitudes lost sunlight, CO 2 began to accumulate in greater amounts at progressively higher latitudes. However, in the period L s ϳ 225°to 245°, the surface underwent rapid sublimation of up to 30 cm of material. This period of decreasing surface elevation is not predicted by the seasonal change in solar insolation, but it does correlate with the occurrence of several regional dust storms (24). Although these dust storms were located mostly in the southern hemisphere, they raised the temperature of the atmosphere at mid-to high latitudes in the northern hemisphere by Ͼ20°(24). But a temperature increase of this magnitude alone cannot explain as much sublimation as was observed. Lateral atmospheric transport or redistribution of surface frost by wind (or both) are required to explain the magnitude of the off-season elevation decrease. Accumulation in the north resumed as the atmosphere cleared and cooled, and reached a longitudinally averaged maximum of ϳ1.5 m at 86.5°N at L s ϳ 345°, during late winter (Table 1) .
At the beginning of MGS mapping in the southern hemisphere, the season was winter and CO 2 was accumulating at mid-to high southern latitudes (Fig. 2, C and D) . The maximum accumulation in the south was achieved at L s ϳ 155°, relatively earlier by 10°L s than in the north. Sublimation in the southern hemisphere during spring may have been aided by atmospheric warming associated with dust storm activity discussed above. Substantial accumulation began again at about L s ϳ 390°, in early southern fall. In both hemispheres, the minimum zonal surface shows a variation of about 10 cm, which we interpret as a measure of our precision (Fig. 3) . Both hemispheres show a quasi-linear latitudinal trend of maximum accumulation of about 4 cm per degree of latitude. In the south, the trend continued to the highest latitude sampled, whereas in the north the accumulation increased steeply on the residual ice cap to nearly 12 cm per degree of latitude. However, the greater deposition on the north polar cap did not contribute substantially to the total precipitated mass in the northern hemisphere, because of the small surface area over which it occurred. Greater accumulation on the ice cap as compared to that on surroundings is consistent with MOLA observations indicating the north polar cap to be a locus of atmospheric CO 2 condensation (12, 25, 26) . The ice cap, with its higher albedo, is colder than its surroundings and spends more time below the CO 2 condensation temperature (7). It is likely that we were able to isolate the enhanced accumulation over the north polar cap in this zonal analysis because the cap is oriented approximately axisymmetrically about the north pole (Fig. 1A ). Our approach cannot resolve whether the asymmetric south residual cap (Fig. 1B ) also exhibited greater accumulation than its surroundings. The similarity in the latitudinal distribution of off-cap accumulation with latitude in the northern and southern hemispheres is surprising given the different elevations and thus near-surface temperatures. General circulation models (GCMs) of the martian atmosphere (27) predict similar maximum CO 2 ice accumulations but show ϳ35% more condensed mass in the southern hemisphere than in the north because of the longer southern fall and winter seasons.
As the martian year progressed, the latitudinal pattern of CO 2 showed alternating accumulation and sublimation at northern and southern high latitudes. The observed surface height changes show the same phase as obtained in the profile analysis, and at midlatitudes the amplitudes are in agreement. But the crossover analysis suggests greater peak values than obtained in the profile analysis. The difference is at least in part a consequence of the smoothing used in the profile analysis (23) and also of the way in which systematic errors affect the two methods. We view the difference between the two as a measure of the possible error in the magnitude of either estimate.
Most of the temporal trends (Figs. 3 and 4) are consistent with GCM simulations of the expected phase of deposition or sublimation (Web fig. 4 ) (2) and of precipitated CO 2 , although the observed pattern is more complicated. However, there is an important aspect of the observed martian snow distribution that is not predicted in simulations. In both the northern and southern hemispheres, but particularly in the south, we observed transient accumulation, presumably of CO 2 , in the summer. Figure 4 shows ϳ40 cm accumulated in the north near the end of the summer (L s ϳ 540°, latitude ϭ 85°N) and 30 and 50 cm accumulated in late spring/early summer in both Mars years (L s ϳ 250°and L s ϭ 520°to 547°, both at latitude ϭ 65°S). In the north, summer snow was observed only on the residual ice cap, whereas in the south the accumulation was observed off the residual cap. Models of the martian CO 2 cycle show that condensation from the gaseous to the solid phase occurs when the temperature drops below the CO 2 condensation point (28). In such models, temperature is sensitive to insolation, polar cap emissivity and albedo, and atmospheric dynamics (29). Off-season accumulation is unexpected and could potentially involve shadowing of the surface by regional topography, wind-related redistribution of surface frost, or transient local storms with intensities greater than predicted by current global-scale dynamics models.
GCMs that simulate the cycle of CO 2 exchange (27, 30, 31) do not calculate the thickness of surface deposits but rather atmospheric pressure changes and condensed and sublimated mass. Figure 5 shows the semiannual pattern of precipitated mass derived from the profile data for a full martian year (32). The figure demonstrates the repeatability of the total implied mass exchange cycle based on altimetric observations collected one martian year apart. But although the global cycle is repeatable, there is regional variability because not all latitudes repeat exactly.
The global-scale mass redistribution implied by observed surface elevation changes suggests that the yearly cycle of CO 2 exchange should also produce changes in the martian gravity field. Of note is the planetary flattening, which measures the relative distribution of mass in equatorial versus polar regions and corresponds to the C 2,0 term of the gravity field. Simulations suggest that the flattening should vary by about 1 part in 10 9 because of the seasonal movement of CO 2 (32, 33). The flattening of Mars decreases as atmospheric CO 2 condenses at high latitudes and increases as polar surface deposits sublime into the atmosphere and presumably redistribute globally via sublimation winds and the Hadley circulation (34).
From MGS tracking data, we have recovered (35) the temporal variation of the C 2,0 gravity field coefficient (Table 1) . Although the change in C 2,0 due to the cycle of CO 2 exchange is expected to display a quasisemi-annual variation because of the alternating pattern of deposition and sublimation in the northern and southern hemispheres (32), in practice the recovered signal (Fig. 6A) contains contributions from several other zonal gravity coefficients (such as C 1,0 , C 3,0 , and C 4,0 ), all of which can have observable signals but are largely inseparable (36). The observed gravity and altimetry exhibit the phase predicted by the GCM (Fig. 6B) . In the determination of mass from elevation change, we chose a density of 1000 kg m Ϫ3 to approximately match the amplitude of the observed temporal gravity signal.
The latitudinal distribution of deposited mass in the northern and southern hemispheres (Web fig. 5 ) (2) indicates that (i) a larger mass is deposited on the northern ice cap relative to the comparable area of southern layered deposits, (ii) equal deposition occurs in both hemispheres between latitudes of 70°and 80°, and (iii) there is greater deposition in the south than the north at latitudes below 70°. The trend at latitudes 60°n orth and south in Web fig. 5 (2) and the variation in the minimum elevation (Fig. 4) indicate that our choice of the 60°latitude cutoff (20) in the measurement of elevation changes could result in an underestimation of 5 to 10 cm in the amplitude of the seasonal signal (23). Extrapolation to lower latitudes of the mass variation shown in Web fig. 5 (2) suggests that deposition may reach latitude 55°in the northern hemisphere and 50°in the south. Further, as a result of not including deposition below latitudes 60°, we may have underestimated the condensed mass by about 2.5% in the north and about 8.1% in the south.
We can use the general agreement between the altimetry-inferred changes in C 2,0 , the observed changes in C 2,0 from the tracking data, and the computed changes in C 2,0 from the GCM (Fig. 6 and Table 1 ) to derive estimates of the density of the deposited material (37). Our estimate of the upper limit in density is 910 Ϯ 230 kg m
Ϫ3
, which is close to the density of water ice but is 43% less dense than CO 2 ice (38). Because our analysis of the altimetry may have underestimated the dynamic range of elevation change (23), the density probably represents an upper limit.
The results suggest that on a spatially and seasonally averaged basis and within the limits of uncertainty, condensed CO 2 deposits on Mars are more dense than terrestrial snow or compacted snowpacks, despite the lower gravitational attraction on Mars than on Earth. The results are consistent with a denser CO 2 composition and with thermal emission observations of widespread surface condensation and the hypothesized presence of slab ice in certain areas (39-41), but the current analysis cannot distinguish spatial variations in surficial density. Our estimate of the seasonal variation in C 2,0 from the tracking data is slightly larger than the GCM-predicted variation and could be ascribed to non-CO 2 material, such as dust, being deposited with the CO 2 on the surface. If so, it would suggest that approximately (10 Ϯ 40)% of the deposited mass is dust. Because this material is likely to have a density about twice that of CO 2 ice, its impact on the estimated density of the CO 2 will be a reduction of 3 to 5%. 15. MOLA (13, 42) is a 10-Hz laser ranging system that measures the round trip time of flight of 1.064-m laser pulses between the MGS spacecraft and surface of Mars. Vector subtraction of the one-way range from the radial distance of the MGS spacecraft from Mars' center of mass as determined from the MGS Radio Science Experiment (43) yields measurements of the planetary radius. Radius is converted to geopotential topography by subtracting the value of the martian areoid (44) from each radius measurement.
In the ϳ400-km-altitude MGS mapping orbit, the diameter of the MOLA footprint on the martian surface is ϳ168 m, and the shot-to-shot spacing is ϳ300 m. Before averaging, topography measurements have an accuracy of Ͻ1 m ( Web table 1) (2). 16. Crossovers are locations where two spacecraft orbit tracks cross. For unchanging topography, the elevation at the crossover point should be the same in both orbit tracks, in which case the misfit provides a measure of the accuracy of the global topographic model. We corrected for twice-per-revolution orbital errors using 8,813,985 crossovers at latitudes equatorward of 57°, as well as at higher latitudes whose orbits lie within the same 15-day time interval. After orbital corrections, we examined residuals for each track at Ͼ66 million crossover locations at all latitudes, assuming the crossing track was fully corrected. We averaged these crossing errors in 15-day by 5°-latitude bins. In the average, we excluded residuals Ͼ12 m because larger residuals are presumed to represent erroneous location or sampling errors. We also excluded shot-to-shot slopes (with an ϳ300-m baseline) higher than 0.1. The resulting crossover residual represents the deviation from a year-round average surface elevation. 17. MGS used "two-way" Doppler radio tracking observations at 7.9 and 8. set and do not include allowance for systematic errors, which we treated separately. For example, we corrected for a systematic range drift due to the change in the center of mass of the MGS spacecraft due to fuel consumption. In addition, we corrected for a systematic variation at all latitudes of a temporal signal with a 50-cm amplitude and a phase that matched the synodic period of Mars. To correct for this likely ephemeris error as well as for other unmodeled spacecraft orbit errors that could potentially be misinterpreted as seasonal elevation changes, we differenced elevation residuals within each annulus to the signal of a nearby latitudinal annulus that should not exhibit a seasonal signal. On the basis of extrapolation of the falloff of deposition with latitude ( Fig. 3) , of visual and near-infrared observations of surface frost (3, 40, 45) , and of GCM simulations of the CO 2 cycle (27), it is likely that accumulation extends to between 50°and 60°latitude in both hemispheres. However, the temporal signal equatorward of 60°in the southern hemisphere is complicated by atmospheric effects associated with the Hellas impact basin. Thus, for consistency, we differenced the signal in each hemisphere to that at 60°l atitude in that hemisphere, but extrapolated to lower latitudes to correct our estimate of condensed mass ( Web fig. 5 ) (2). 21. During the mapping mission, instruments on the MGS spacecraft observed the martian surface in a nadirpointing configuration. The orbit of MGS has an inclination of 92.7°, which results in a 5.4°gap over each pole. The spacecraft was periodically tilted to an off-nadir viewing position to collect altimetry within the gap, but these observations have greater range errors than data collected during nadir viewing because of range walk associated with spreading of the optical pulse. To minimize errors, data within the polar gaps were excluded, and the observations we report are for locations equatorward of Ϯ87°. 22. In the profile analysis, we analyzed only MOLA channel 1 triggers (13, 42) to minimize range walk errors. We calculated the median of all samples at a given latitude, sorted by longitude, within Ϯ12 samples of point i, to use as the time-averaged baseline. We used the median of topography to define the timeaveraged basal surface from which biweekly median elevations were differenced, because this measure reduced noise due to outliers associated with local topographic excursions. 23. Smoothing of the topographic data reduced the peak values of the elevation changes by 15 to 20 cm. Because the seasonal change in elevation is not a pure sinusoidal variation, it could have affected our estimates of maximum elevation. The root mean square of the original data about the smoothed data is 16 cm in the north and 18 cm in the south. We allowed 10 cm at both poles as possible underestimation errors of the maximum elevations. In addition, we estimated the minimum elevation at each latitude, which should be zero. However, Fig. 3 indicates that our average minimum is about -5 cm in the north and is zero in the south but varies nearly linearly with latitude. Although our minimum is slightly positive at high southern latitudes, it is negative at lower latitudes, which are more important in estimating condensed mass because they represent more area and volume. Consequently, we allowed an additional 5 cm in the north and south as possible underestimates of the amount of seasonal material.
In estimating the density of material, we adopted a sigma of Ϯ15% for the uncertainty of C 2,0 because it is weighted by the higher latitudes. (46) (47) (48) . These programs numerically integrate the spacecraft cartesian state and force model partial derivatives, and include in the force modeling a spherical harmonic representation of the martian gravity field, as well as point mass representations for the Sun and other planets. The solution also includes recovery of solar radiation pressure, atmospheric drag, measurement and timing biases, and tracking station coordinates. From the orbital and tracking data, we developed normal equations that related the observation to parameters in the orbital and geophysical models, such as orbital elements, gravity coefficients, and drag parameters. From inversion of the normal equations using available tracking data, we produced low-degree spherical harmonic solutions for the gravity field of Mars and dynamical parameters, including the pole position, rotation rate, solid body tide k 2 , and the mass of Phobos (49) (50) (51) . The seasonally exchanged mass of Mars is approximately equal to the mass of Phobos; given the equatorial orbit of Phobos and the polar orbit of MGS, the spacecraft is subtly perturbed by the moon on every orbit and so solution for Phobos' mass was essential. To recover Phobos' mass, we employed the distant encounter approach demonstrated using tracking of the Viking orbiters and Mariner 9 (52). 36. The temporal variation of the C 2,0 gravity signal was determined in two ways. In the first, we divided the tracking data into successive 5-day arcs and inverted for a low-degree gravity field for each. The ⌬C 2,0 signal due to the seasonally induced change in the planetary flattening has a semiannual period of the form cos(2L s ), but in practice the recovered coefficient contains additional contributions. To isolate the change in planetary flattening, we fit the observed change in C 2,0 to the first three terms in a Fourier series of the form A n cos(L s ϩ n ), where A n is the amplitude and n is the phase. The n ϭ 1 term is the annual period and is due to spectral leakage from power in the C 1,0 and C 3,0 gravity coefficients, which measure the offset of the center of mass of Mars from the center of figure due to the movement of CO 2 from one pole to the other. The amplitude of this signal corresponds to ϳ5 cm in the areoid (32). The n ϭ 2 term is the signal of interest. The n ϭ 3 term is the sink for unmodeled perturbations in the parameter recovery. In the second approach, we estimated from the yearly solution periodic variations in C 2,0 with seasonal frequencies, solving for the linear rate and the amplitudes of cosine and sine terms. Although the variations in low-degree gravity changes are not strictly periodic because of the different contributions from the two hemispheres (32), this approach nonetheless verified the amplitude and phase of the n ϭ 2 term obtained with the first recovery method. 37. A comparison of the amplitude of ⌬C 2,0 from altimetry (0.987 ϫ 10 Ϫ9 ) and tracking (0.953 ϫ 10 Ϫ9 ) yields a ratio of 0.974. Because the altimetry assumed ϭ 1000 kg m Ϫ3 , the implied density is 974 kg m Ϫ3 . The GCM predicts a variation of C 2,0 (32) with average amplitude 0.85 ϫ 10 Ϫ9 . Comparison with the value derived from altimetry yields a ratio of 0.94 and a density of 873 kg m Ϫ3 . In computing the weighted mean density of 910 Ϯ 230 kg m Ϫ3 , we assumed errors in C 2,0 of 15% in the altimetry, 36% in the tracking, and 27% in the GCM.
High-resolution images of the south polar residual cap of Mars acquired in 1999 and 2001 show changes in the configuration of pits, intervening ridges, and isolated mounds. Escarpments have retreated 1 to 3 meters in 1 martian year, changes that are an order of magnitude larger than can be explained by the sublimation of water ice, but close to what is expected for sublimation of carbon dioxide ice. These observations support a 35-year-old conjecture that Mars has a large surface reservoir of solid carbon dioxide. The erosion implies that this reservoir is not in equilibrium with the present environment and that global climate change is occurring on Mars.
In their seminal 1966 paper on the behavior of CO 2 and other volatiles on Mars, Leighton and Murray (1) deduced from a numerical thermal model that the polar caps are composed of frozen CO 2 . They drew three other important conclusions from this analysis: (i) The year-round presence of solid CO 2 regulates the pressure of the atmosphere. (ii) The atmospheric pressure changes cyclically on a semiannual basis because of formation and retreat of the seasonal frost caps. (iii) The total amount of CO 2 on Mars could greatly exceed that presently in the atmosphere and form a large surface reservoir. In the past 35 years, many of Leighton and Murray's predictions have been verified and demonstrated by measurements taken on Mars (2). However, the existence of a surface reservoir of CO 2 large enough to have important implications for long-term climate and climate stability has yet to be demonstrated (3, 4) . Here we report observations, made with the Mars Global Surveyor (MGS)/Mars Orbiter Camera (MOC), of interannual morphologic changes in the south polar residual cap that support the argument for a climatologically important CO 2 reservoir.
The south polar residual cap exhibits morphologies unique to that location, characterized by irregular to circular pits, remnant mesas, and other landforms, interpreted to have formed by collapse and erosion (5) . These features range from a few tens of meters to a few hundreds of meters in scale but display only a few meters of relief (5) .
The erosion appears confined to, and highlights the layered nature of, the uppermost materials that make up the cap. The layers are relatively uniform in thickness but display a range in surface expression that appears related to their ability to erode (6) . As few as one to as many as six layers crop out at various locations within the cap; not all layers are seen at all locales. On the basis of shadow measurements made during this investigation, each layer is about 3 m thick.
MOC was first used to observe the south polar region at high resolution in July 1999 (7) . To search for changes, specific locations within the residual cap were reimaged at the same season and time of day beginning in late July 2001 [starting around heliocentric longitude (L s ) 223°Ϯ4°and continuing since then]. In each case, a 2.2 to 3.7 m/pixel image covering a portion of an earlier image was acquired (8) . Upon receipt, both the original and new images were processed for analysis (9) . Figure 1 shows good examples of pits, intervening ridges, and isolated mounds that have changed. Diametric measurements, made on 100 features on each of four image pairs, indicate that these pits enlarged or their intervening ridges shrank by about 6 Ϯ 2 m and features smaller than ϳ6 m across disappeared. In other words, in these examples, nonhorizontal surfaces appear to have retreated by ϳ3 m. Other areas within the residual cap display different morphologies, and some of these show no detectable change. Preliminary statistics suggest that between 25 and 50% of the escarpments have retreated between 1 and 3 m.
As part of the input to an estimate of the total amount of scarp retreat that occurred during the past martian year, the total perimeter in a variety of settings was determined by image processing techniques (10) and divided by the area viewed. Measurements were made on images representative of the range in areal density of various forms of escarpments within the residual south polar cap. The average scarp perimeter per area was 2.4 ϫ 10 Ϫ2 m/m Ϫ2 . We determined that the amount of retreat was consistent with the subliming of a volatile ice by calculating the annual solar insolation using software based on spacecraft navigation routines, and we compared our results with the results of previous models of polar cap behavior (1, (11) (12) (13) 14) . We used the order of magnitude greater volatility of CO 2 relative to water ice to differentiate between these two candidates. Table 1 summarizes the results of our calculations of the insolation and the equivalent areal mass density for H 2 O and CO 2 ice for horizontal surfaces at various latitudes from the equator to near the south pole.
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